Background Women with prior gestational diabetes (GDM) have an increased lifetime risk of developing type 2 diabetes mellitus (T2DM). There are no up-to-date systematic reviews analyzing the relationship of diet with risk of developing T2DM following GDM.
have commenced during pregnancy; however, studies were only included in the case that they reported outcomes and interventions during the postpartum period and beyond. Included interventions were those promoting a change in dietary intake, rather than nutritional supplement use, or other lifestyle behaviors (eg, physical activity). Supplementonly studies, including the provision of a capsule, pill, or tablet containing amino acids, vitamins, or minerals were excluded. Trials where multiple lifestyle interventions were combined, were included in the case that diet was reported as a separate intervention arm or effect. Dietary intake could be assessed as energy, nutrients, foods, dietary patterns, or fortified food products. Randomized controlled trials (RCTs); controlled trials; preepost studies; as well as cross-sectional, retrospective, and prospective studies were included in the systematic review. When multiple publications were available for the same study, the publication reporting the greatest number of participants for each outcome was selected. Figure 1 highlights the population, intervention/ exposure, comparator, outcomes, study design categories for the formulation of the research question.
Search Strategy
The search strategy was developed in consultation with a subject specialist librarian. A systematic search for publications occurred in November 2017, and an updated search for any new publications in May 2019. The search was conducted without date limits, using six electronic databases: Cumulative Index to Nursing and Allied Health Literature, Embase, Medline, Cochrane Central, Proquest, and Scopus. The following medical subject heading terms, words and combinations of words were searched: ("gestational diabetes" or GDM or "pregnancy diabetes mellitus" or "pregnancy induced diabetes"); and (history or "medical history" or previous*); and (diet* or food* or carbohydrate* or nutrition* or "glycemic index" or GI); and ("type 2 diabetes" or diabetes or DM or T2DM or "impaired glucose tolerance" or Intervention studies generally indicated a trend toward beneficial effects of a low-glycemic index diet, a lowcarbohydrate diet, and a diet in line with general population guidelines, but had a high risk of bias.
Observational studies indicated poorer diabetes outcomes for women with higher intakes of branched chain aminoacids, total and heme iron, and a diet relatively low in carbohydrates and high in animal fat and protein, and better outcomes for women consuming diets rich in fruit, vegetables, nuts, fish, and legumes, and low in red and processed meats and sugar-sweetened beverages. physical activity and/or improving diet quality, on diabetes risk in women with prior GDM have previously been published. [7] [8] [9] [10] Two reviews that included meta-analyses highlighted that although intervention is generally superior to no intervention, effect estimates varied widely between intervention studies. 8, 10 One potential explanation for this heterogeneity in findings may be that results were pooled from diverse study types that examined the effects of interventions with goals related to diet modification alone, physical activity alone, and both diet modification and physical activity. 8, 10 In addition to intervention studies, one review included observational studies and found a limited number of studies that suggested healthful dietary patterns may be associated with lower risk of developing T2DM. 7 These previous reviews included studies published until early 2016 (for intervention studies) 10 or until 2014 (for observational studies). 7 Further systematic reviews are therefore needed to provide an up-todate synthesis of the current evidence, incorporating findings from intervention and observational studies.
Interventions that focus on dietary modification alone may have the largest potential to improve diabetes outcomes in women with a history of GDM. For example, meta-analyses examining interventions aimed at reducing postpartum weight retention, which may positively influence diabetes risk, have found that physical activity-only interventions had no significant influence on postpartum weight loss, 11 whereas diet-only interventions achieved significant weight loss. 12 In practice, engagement and compliance with multicomponent interventions, particularly with advice to increase physical activity during the postpartum period and beyond, may be compromised due to barriers faced by women at this life stage. Barriers such as time constraints related to childcare and returning to work may reduce the effectiveness of interventions. [13] [14] [15] There are currently no up-to-date systematic reviews or meta-analyses that have focused specifically on the effects of diet-only interventions or dietary intake on risk of developing diabetes among women with a previous history of GDM, and that incorporate evidence from both intervention and observational studies. Therefore, the aim of this research was to systematically review published intervention and observational studies to identify any effect of dietary interventions and associations of dietary intake with future diabetes risk for women with a previous diagnosis of GDM.
MATERIALS AND METHODS
The review was registered with PROSPERO International prospective register of systematic reviews (CRD42018090887) (http://www.crd.yorkac.uk/PROPSERO). Methods of the review weredeveloped using theCochraneHandbook for Systematic Reviews of Interventions 16 and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines were used for reporting the methods and outcomes. 17 
Eligibility Criteria
The review included dietary intervention (intervention trials, including counseling and/or food provided by any health professional) or dietary intake (observational) studies targeting women of any age, with a previous diagnosis of GDM. Because the focus of this review included the prevention of (pre-) diabetes in women with prior GDM, recruitment may "prediabetes" or "impaired fasting glucose"). Keywords were searched as free text in the title, abstract, or topic and combined using the Boolean operator "AND." Limits included English language and human subjects. Details on the search strategy used for Embase are given in Figure 2 (available at www.jandonline.org). Other publications were identified from the reference lists of included articles and from relevant previously published review articles.
Selection Process
All records identified were assessed by two independent reviewers for eligibility based on the information contained in the title and abstract. The full text of all publications that appeared to meet the eligibility screening ( Figure 1 ) was retrieved and subjected to a second independent assessment for relevance. Any discrepancy in assessment between reviewers was resolved through discussion.
Quality Assessment
Selected full text articles were assessed for methodologic quality by two independent reviewers. Intervention studies were assessed using the Cochrane risk of bias tool. 16 All intervention studies were coded as low, high, or unclear risk in relation to sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, and selective reporting. The Newcastle-Ottawa Scale was used to assess the quality of nonrandomized studies, including case-control and cohort studies. 19 A star system is used to classify the studies as good, fair, or poor quality in relation to the selection of study groups, the comparability of groups and the ascertainment of either the exposure or outcome of interest for caseecontrol and cohort studies, respectively. Any discrepancies were discussed between reviewers and resolved.
Data Extraction
Two independent reviewers extracted relevant data from all included articles. The extracts were compared, and any difference was verified and resolved through discussion. The following information was extracted for all studies: study design, country, recruitment setting, eligibility criteria, population characteristics, duration of follow-up (if applicable), outcomes examined, outcome assessment and diagnostic criteria, outcome incidence (for binary outcomes), results, and covariates included in analysis. For intervention studies, intervention groups, duration, goals, content, and compliance were extracted and for observational studies exposures examined and exposure assessment were extracted.
Data Synthesis and Analysis
Due to heterogeneity across studies in dietary factors, study design, and outcomes of interest, it was not possible to combine study findings in a meta-analysis. Instead, results indicating significance and direction of the observed associations were qualitatively summarized in tables for each study. Information on study characteristics was extracted to describe studies and populations.
RESULTS
The numbers of identified and included studies are shown in Figure 3 . The database search (n¼1,201) and screening of bibliographies (n¼3) yielded 1,204 unique articles. After screening of titles and abstracts, 45 full-text articles were reviewed. Of these, 12 met the inclusion criteria. Multiple articles were published based on data from a Malaysian dietary intervention (n¼2) 19, 20 and the Nurses' Health Study II (NHSII) (n¼4). 21-24 Therefore, this review includes five articles 19, 20, [25] [26] [27] reporting on findings from four intervention studies, and seven articles 21-24,28-30 reporting on findings from four observational studies.
Study Characteristics
The main characteristics of the included intervention and observational studies are summarized in Tables 1 and 2 . Detail on diabetes outcome assessment in each study, and on intervention goals, content, and compliance (intervention studies) and dietary assessment (observational studies) are described in Tables 3 and 4 (available at www.jandonline.org).
Intervention Studies
Intervention studies included RCTs conducted in Malaysia (n¼65 to 77) 19, 20 and Australia (n¼193), 26 and randomized crossover studies from the United States (n¼17) 25 and Sweden (n¼7) 27 (Table 1) . Women had a mean baseline age between 31 and 40 years, and mean baseline body mass index (BMI) between 25 and 28. The studies from Malaysia, the United States, and Sweden recruited high-risk women who were overweight or obese, 19, 20, 25 had prediabetes or a family history of diabetes, 19, 20 or had a diagnosis of impaired glucose tolerance at 12-months postpartum. 27 recruited at a median of 4 months post-GDM pregnancy in the Malaysian RCT 19 ,20 and 1 to 3 years post-GDM in the Swedish crossover trial, 27 whereas the time since GDM pregnancy was not reported in the studies from Australia or the United States. 25, 26 The dietary intervention studies focused on carbohydrate quality (glycemic index) 19 ,20,27 and carbohydrate quantity (percentage of total energy intake), 25 or included general advice in line with dietary guidelines 26 (Table 3 , available at www.jandonline.org). The Malaysian low-glycemic index RCT 19, 20 included education sessions on restricting energy and fat intake and increasing dietary fiber intake, with the goal to achieve a 5% to 7% reduction in body weight (for women with BMI >23) or to maintain current weight (BMI <23). In the Swedish crossover trial, participants were provided with low-glycemic and high-fiber bread products or high-glycemic and low-fiber bread products, with the aim to determine effects on metabolic parameters. 27 The dietary intervention that focussed on carbohydrate quantity was a crossover trial and included an energy-restricted diet where women received nutritional supplement bars that were identically wrapped and contained 20% protein and either 40% or 55% carbohydrates (ie, 40% or 25% of energy from fat, respectively) for breakfast, lunch, and snacks, and a meal plan for dinner that comprised one-third of total calories. The goal was to achieve weight loss of 1 to 2 lb (0.45 to 0.9 kg) per week. 25 The RCT conducted by Wein and colleagues 26 included provision of a dietary advice sheet (Target on Healthy Eating) for intervention and control groups, whereas the intervention group in addition received telephone contact with a dietitian every 3 months (so possibly 24 times over a 6-year follow-up). Interventions were delivered through a combination of one-on-one sessions with nutritionists, group education sessions, e-mail, and short messaging reminders. 19, 20, 25, 26 Women in the control groups received general dietary recommendations and did not receive counseling or personal advice. All interventions were focused on dietary modifications and did not include specific advice or goals related to physical activity. In line with general physical activity recommendations, women in the intervention and control groups were encouraged to engage in moderate physical activity for 30 minutes at least five times a week 19, 20 or received a reminder of the need for regular exercise. 26 
Observational Studies
Observational studies included cross-sectional studies from Canada (N¼281), 29 Korea (N¼381), 28 and Sweden (N¼137), 30 a longitudinal study from the United States (NHSII [N¼ 3,976 to 4,502), 21-23 and a nested caseecontrol study within the NHSII (n¼347) 25 (Table 2) . Women had a mean baseline age between 34 and 43 years, and a mean baseline BMI between 21 and 32. Studies were conducted at different times after GDM pregnancies, ranging from 6 to 12 weeks 28 to 14 years post-GDM pregnancy. 23 Dietary intake was assessed using validated food frequency questionnaires 21-24,29,30 or a 24-hour dietary recall 29 ( 
Effects of Dietary Interventions on Diabetes Outcomes
Results from dietary intervention studies showed mixed effects on diabetes outcomes (Table 5 ). Findings from the lowglycemic index, energy restricted RCT showed no significant changes in fasting glucose levels after 6 20 and 12 19 months in the overall population, but 2-hour plasma glucose had declined significantly more for women in the intervention compared with the control group after 6 months. 20 At the 12month follow-up, fasting plasma glucose had significantly decreased in the intervention compared with the control group for women with baseline fasting insulin !2 mIU/mL (13.89 pmol/L) but not with baseline fasting insulin <2 mIU/ mL (13.89 pmol/L). 19 Findings from the crossover trial providing low-glycemic and high-fiber bread products showed no changes in fasting glucose, fasting insulin, and insulin sensitivity, but insulin secretion was lower after consuming the low-glycemic and high-fiber bread products for 3 weeks compared with before. 27 
Associations between Dietary Intake and Diabetes Outcomes
Findings from observational studies showed inverse associations between intake of a range of dietary factors and diabetes outcomes ( Table 6 ). Prevalence of prediabetes was 34% 29 and 42% 29 in two cross-sectional studies, and incidence of T2DM ranged from 7% at 6 to 12 weeks post-GDM pregnancy 28 to 16% at 14 years post-GDM pregnancy. 21, 22 In terms of overall dietary patterns, results based on the NSHII showed that a diet relatively low in carbohydrates was associated with higher T2DM risk, especially when fat and protein intake came largely from animal foods. 22 Findings from the same study also demonstrated lower T2DM risk with higher a priori dietary pattern scores, including for the aMED, DASH, and aHEI, after adjustments for key To convert mmol/L glucose to mg/dL, multiply mmol/L by 18.02. To convert mg/dL glucose to mmol/L, multiply mg/dL by 0.0555. Glucose of 6.1 mmol/L¼109.92 mg/dL. c To convert mU/L insulin to pmol/L, multiply mU/L by 6.954. To convert pmol/L to mU/L, multiply pmol/L by 0.144. Insulin of 17 mU/L¼118.065 pmol/L. 23 Although adjustment for BMI attenuated the risk estimates, statistically significant associations remained when BMI was added to the model. 22 ,23 A nested caseecontrol study within the NHSII found higher intakes of branched chain amino acids were associated with higher risk of T2DM. 25 The NHSII also showed that women with the highest compared with the lowest intakes of total iron (dietary and supplemental), supplemental iron, and dietary heme iron were at higher risk of developing T2DM, whereas high dietary nonheme iron intake was associated with a lower risk after adjustment for key confounders. 21 Higher intake of fruit and vegetables was associated with lower odds of abnormal glucose tolerance in Canadian women based on a cross-sectional analysis adjusted for age and BMI. 29 Kim and colleagues 28 found in their cross-sectional study that Korean women who had developed prediabetes or T2DM had higher intakes of total energy; total and animal protein; and total, animal, and monounsaturated fat; after adjustment for prepregnancy BMI. 29 The Swedish cross-sectional study; however, did not find differences between women with normal glucose tolerance, impaired glucose tolerance, and T2DM in terms of energy and macronutrient intake, after adjustment for key confounders. 30 This study showed that, compared with women with normal glucose tolerance, women with impaired glucose tolerance or T2DM had lower proportions of butter used for Observational Studies. Quality assessment scores for observational studies ranged from five to seven (out of nine indicating the lowest degree of bias) based on the Newcastle-Ottawa Scale ( Table 7 , available at www.jandonline.org). Main concerns were representativeness of the study sample (no random sample of women in the community), comparability of exposed and unexposed participants based on design or analysis (the two cross-sectional studies did not adjust for potential key confounding factors, including parity, family history of diabetes, smoking, physical activity, and other dietary factors), and adequacy of follow-up rate (studies either did not report on the follow-up rate, or did not describe the lost population in the case that the follow-up rate was <90%).
DISCUSSION

Summary of Main Findings
This systematic review identified a limited number of intervention and observational studies that examined the role of diet in the prevention of diabetes among women with previous GDM. Five articles that reported on four small intervention studies found no strong evidence for a beneficial effect on glucose and insulin levels and on T2DM risk. Four articles that reported on associations with T2DM risk in a large prospective cohort study showed adverse associations for higher intakes of branched-chain amino acids, total and heme iron, and a low-carbohydrate diet, and protective associations for higher adherence to aMED, aHEI, and DASH diet scores. Cross-sectional findings from one study showed lower intakes of fruit and vegetables among women with abnormal compared with normal glucose tolerance, whereas findings from two cross-sectional studies on total energy, protein, and fat intake in relation to prediabetes and impaired glucose tolerance were inconsistent. These observational findings were adjusted for confounding factors, including BMI.
Interpretation
The inconclusive findings on the effectiveness of dietary interventions for diabetes prevention in women with a GDM history are consistent with previous systematic reviews of RCTs. [7] [8] [9] [10] Whereas previous reviews reported on only two dietalone interventions, 20,26 this review identified five articles that reported on four studies. 19, 20, [25] [26] [27] These trials were based on small samples and not powered to detect significant differences. 19, 20, [25] [26] [27] These trials also varied in terms of intervention content (advice focused on carbohydrate quality, 19, 20, 27 carbohydrate quantity 25 or overall diet in line with national guidelines 26 ), and examined different outcome measures (glucose, 19 ,20,27 insulin, 25,27 or T2DM 26 ). Although findings from intervention studies generally indicated trends toward beneficial effects, the overall quality of these trials was rated as either unclear or high risk of bias. Based on the current evidence, a specific dietary intervention for diabetes prevention in women with prior GDM can therefore not be recommended. Previous systematic reviews have also consistently concluded that evidence for an effect of combined diet and physical activity interventions is inconclusive, 7-10 with the exception of strong evidence from the Diabetes Prevention Program. 31 Findings from that intensive intervention that focused on diet and physical activity to achieve and maintain weight loss of at least 7% of initial body weight showed >50% reduction in the risk of developing T2DM in women at high risk of T2DM including women with previous GDM 31 ; however, this personalised lifestyle intervention is unlikely to be feasible for implementation in routine care. As a limited number of studies have examined diet-alone and physical activity-alone interventions, it remains unclear which diabetes prevention approach would be most effective for women with a GDM history. 7-10 It has been suggested based on combined diet and physical activity interventions that changes in diet were more often successfully implemented compared with changes in physical activity. 10 This may be explained by barriers related to being active and engaging in physical activity such as lack of time and energy, emotional distress, physical discomfort, and lack of child care support. [13] [14] [15] Further studies should explore the feasibility and acceptability of dietary interventions for women following childbirth, and future RCTs should accommodate barriers to improve intervention compliance among new mothers. Findings from observational studies identified in this review showed adverse associations with diabetes outcomes for higher intakes of branched-chain amino acids, 24 total and heme iron, 21 and a diet relatively low in carbohydrates and high in animal fat and protein, 22 and beneficial associations for diets rich in fruit, vegetables, nuts, fish, and legumes, and low in red and processed meats and sugar-sweetened beverages. 23,29 These results support dietary recommendations for the general population 32, 33 and for diabetes prevention. 34 Findings from observational studies were rated to be of medium to high quality (score of 5 to 7 out of 9), and observed associations were based on analyses adjusted for BMI 21-24,28,29 and physical activity. [21] [22] [23] [24] These findings therefore suggest that, whereas BMI partly attenuated the associations, 22,23 consuming a healthy diet may help reduce T2DM risk independent of BMI.
Implications for Practice and Research
There is strong evidence that the majority of T2DM cases in the general population can be prevented through a healthy lifestyle, 34, 35 yet lifestyle interventions targeting women with prior GDM have only recently emerged. With the growing rates of GDM, T2DM, and the associated health and economic burden worldwide, 5, 6 interventions that successfully prevent T2DM in this high-risk group are critical. Postnatal screening following a GDM pregnancy represents an important opportunity for clinicians and health professionals to educate, counsel and engage women in prevention programs that may reduce their risk of progressing to diabetes. However, the uptake of postnatal follow-up by women with GDM is poor with <25% of women returning for a postnatal glucose tolerance test, mainly due to lack of time and awareness of risks. 36 low adherence to dietary recommendations among women with a GDM history, 37, 38 and a significant knowledge gap on future health risks and the recommended lifestyle modifications. 38 Although a causal effect of diet on T2DM following GDM has not been established, and further research is needed to develop effective postnatal preventive interventions, it seems prudent to inform women about their future risk of developing T2DM and the potential benefitof a healthy diet.
Strengths and Limitations
Strengths of this systematic review include the focus on dietary intake, which has not been distinguished from effects of physical activity in previous systematic reviews. Moreover, this review includes all study designs (both intervention and observational), providing a more comprehensive overview of the current evidence. This review is restricted by lack of highquality dietary intervention studies. Further evidence from postpartum dietary RCTs that follow women for a longer period of time are needed to confirm findings from observational studies. Current observational findings suggest that future RCTs should not only focus on carbohydrate quality and quantity, but also on other aspects of the overall diet, including increasing intake of fruit, vegetables, and other plant-based foods, and reducing animal products such as red and processed meats.
CONCLUSIONS
This systematic review indicates a lack of high quality dietary RCT evidence for the prevention of diabetes among women with prior GDM. Findings from observational studies have shown beneficial associations of several nutrients, foods and dietary patterns in line with current dietary recommendations and suggest diet may play a role in the prevention of diabetes among women with prior GDM. Further large prospective dietary RCTs that are acceptable to new mothers are needed to confirm if dietary modifications in line with healthy eating guidelines reduce the risk of T2DM among women following a GDM pregnancy.
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